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Redox Cycling and Superoxide GenerationMediated byMitochondria and
NADH: Implications for Parkinson’s Disease
Nihar J. Mehta, David Njus.
Biological Sciences, Wayne State University, Detroit, MI, USA.
Parkinson’s disease is a progressive neurodegenerative disorder caused by the
loss of dopaminergic neurons, but what causes the death of these neurons is
unknown. Although oxidative stress, mitochondrial dysfunction, dopamine
oxidation and microglial inflammation have all been implicated as contributing
factors, a mechanism relating them has been elusive. We have synthesized
3-methyl-5-anilino-1,2-benzoquinone (3-MAQ), a stable structural analogue
of the dopamine oxidation product aminochrome. This compound mediates
rapid O2 reduction in the presence of ascorbic acid. We have also found that
the dopamine oxidation product, 5-S-cysteinyl dopamine, is converted by mye-
loperoxidase to a product having electrochemical properties similar to 3-MAQ.
Both of these compounds also mediate redox cycling in the presence of mito-
chondria and NADH. This redox cycling oxidizes NADH, reduces O2 and
produces superoxide. This does not involve the mitochondrial respiratory
chain, as it is not inhibited by cyanide, rotenone or antimycin. We believe
that it is catalyzed by the outer mitochondrial membrane enzyme cytochrome
b5 reductase, because the rate increases in the presence of cytochrome b5.
Mouse embryonic fibroblasts or SH-SY5Y neuroblastoma cells exposed to
these redox cycling compounds die within 24 hours, as measured by the
MTT reduction assay. We hypothesize, therefore, that compounds formed by
the oxidation of dopamine undergo redox cycling mediated by cytochrome
b5 reductase. The reactive oxygen species generated by this process lead
both to further dopamine oxidation and to oxidative stress ultimately causing
the death of dopaminergic neurons.
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Reductive Stress Increases Reactive Oxygen Species Production in Cardiac
Mitochondria: A Key Role of Thioredoxin Reductase
Paavo Korge, James N. Weiss.
Medicine, David Geffen School of Medicine at UCLA, Los Angeles, CA,
USA.
Both extremes of redox balance are known to cause cardiac injury, with
mounting evidence revealing that the injury induced by both oxidative and
reductive stress is oxidative in nature. During reductive stress, when electron
acceptors are expected to be mostly reduced, some redox proteins can donate
electrons to O2 instead, which increases reactive oxygen species (ROS) produc-
tion. However, the high level of reducing equivalents also concomitantly en-
hances ROS scavenging systems involving redox couples such as NADP/
NADPH and GSH/GSSG. Here we have further explored, using isolated intact
and permeabilized cardiac mitochondria and purified NADP-dependent
enyzmes, how reductive stress paradoxically increases net mitochondrial
ROS production despite the concomitant enhancement of ROS scavenging sys-
tems. We show that one of the latter components, thioredoxin reductase 2, is
converted into a potent NADPH oxidase during reductive stress, due to limited
availability of its natural electron acceptor, oxidized thioredoxin. This finding
may explain in part how ROS production during reductive stress overwhelms
ROS scavenging capability, generating the net mitochondrial ROS spillover
causing oxidative injury.
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Altered Mitochondrial Superoxide Production in Skeletal Muscle of an
ALS Mouse Model during the Disease Progression
Chehade Karam1, Jianxun Yi1, Jiajie Xu2, Carlo Manno1, Kaitao Li2,
Noah Weisleder3, Jianjie Ma3, Heping Cheng2, Han-Xiang Deng4,
Jingsong Zhou1.
1Molecular Biophysics and Physiology, Rush University, Chicago, IL, USA,
2Peking University, Beijing, China, 3The Ohio State University, Columbus,
OH, USA, 4Northwestern University Feinberg School of Medicine, Chicago,
IL, USA.
Amyotrophic lateral sclerosis (ALS) is a fatal neuromuscular disease that in-
volves severe skeletal muscle atrophy. Mitochondria are critically affected in
ALS muscle. To better understand the role of mitochondria in ALS onset
and progression, we generated a double transgenic (dTG) mouse model over-
expressing an ALS mutant (SOD1G93A) and a mitochondrial superoxide
biosensor (mt-cpYFP) that reports dynamic production of superoxide inside
mitochondria termed as "flash signal" (Wang 2008; Fang 2011). We found
that flash signal in muscle changed significantly during the disease progression.Before disease onset, 2-month old dTG mice (ALS) showed an increase in
mitochondrial superoxide production, which was manifested by a marked in-
crease in the ratio of flashing area to cell area (ALS: 2.350.29, n=80, 5
mice; WT: 1.250.18, n=74, 4 mice; P=0.008), while there was no significant
change in the kinetic parameters of the flash signal at this stage. At end stage
(ESALS, 4.5-month old, n=36, 4 mice), there was a drastic decrease in mito-
chondrial superoxide production characterized by a decrease in the ratio of
flashing area to cell area compared to WT (0.6950.11, P<0.05). Remarkably,
the kinetic parameters of the flash signal were significantly slower in ESALS
dGT mice. Compared to WT and early stage ALS, there is an increase in the
rising time (RT) (WT:15.8251.38, ALS:14.6351.2 vs ESALS:23.6252.97,
P=0.008 and 0.001), the half decay time (T50) (WT:9.8151.13,
ALS:11.9351.43 vs ESALS:20.5653.65, P<0.001 and 0.013), and the full
duration at half maximum (FDHM) (WT:16.7651.72, ALS:18.2852.07 vs
ESALS:33.3755.33, P<0.001 and 0.003). Our data demonstrate drastic
changes in muscle mitochondrial metabolic function in the course of ALS.
Ongoing studies aim to explore the cause and the role of this abnormal
mitochondrial function at different ALS stages. Supported by MDA and
NIAMS/NIH.
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Externalization of Cardiolipin as an ‘‘Eat-Me’’ Mitophageal Signal is
Facilitated by NDPK-D
Zhentai Huang1, Yulia Y. Tyurina1, Jianfei Jiang1,
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Raquel Epand4, Uwe Schlattner2, Richard M. Epand4, Valerian E. Kagan1.
1Center for Free Radical and Antioxidant Health, Department of
Environmental and Occupational Health, University of Pittsburgh,
Pittsburgh, PA, USA, 2Laboratory of Fundamental and Applied Bioenergetics
(LBFA), Joseph Fourier University - Grenoble 1, Grenoble Cedex 9, France,
3Inserm, UMR_S938, UPMCUniversite´ Paris 06, Paris, France, 4Department
of Biochemistry and Biomedical Sciences, McMaster University, Hamilton,
ON, Canada.
Mitochondria are vulnerable to damage, particularly by oxidative stress-
induced injury imposed by many genetic and environmental factors. These mal-
functioning mitochondria have to be eliminated to prevent an increasing gener-
ation of reactive oxygen species (ROS) that could trigger cell injury and death.
This selective elimination of damaged mitochondria is executed via initiation
of a specific type of mitochondrial autophagy - mitophagy. Our previous
work has established that a mitochondria-specific phospholipid, cardiolipin
(CL) - normally asymmetrically distributed between the mitochondrial inner
(IMM) and outer (OMM) membranes - undergoes translocation to the OMM
where it becomes externalized to the mitochondrial surface. This externalized
CL serves as recognition signal for the autophageal machinery leading to the
elimination of these mitochondria. The recognition is achieved through the se-
lective binding of externalized CL with microtubule-associated protein light
chain 3 (LC3). The mechanisms driving CL redistribution/externalization
remain unknown. By using LC-MS analysis of mono-lyso-cardiolipins
(mL-CL) formed by phospholipase A2 exogenously added and impermeable
to mitochondria, we established that treatment of HeLa cells with a protono-
phoric uncoupler, CCCP, triggers mitophagy of depolarized mitochondria
accompanied by CL externalization. We further found that CL externalization
is dependent on an intermembrane space enzyme, nucleoside diphosphate ki-
nase, NDPK-D. The latter, upon interaction with CL, loses its kinase function
and turns into a CL-translocase. CL externalization and mitophagy were stim-
ulated by transfecting HeLa cells with w/type but not mutant R90A NDPK-D,
incapable of CL binding. Identification of NDPK-D as a pro-mitophageal CL
translocase may be used in drug discovery paradigms for regulation of
‘‘mitochondrial health.’’ Supported by NIH U19AIO6802, Fondation pour la
Recherche Me´dicale France (US, DPM20121125557) and Fulbright scholar-
ship program (VEK).
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Nitric Oxide from Neuronal No-Synthase Increases after Beta-Adrenergic
Stimulation but does not Control Mitochondrial Respiration in Cardiac
Myocytes
Michael Kohlhaas1, Stefanie Bergem1, Alexander Nickel1, Maxie Meiser1,
Barbara Casadei2, Ulrich Laufs1, Christoph Maack1.
1Universita¨t des Saarlandes, Homburg, Germany, 2University of Oxford,
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Background: Beta-adrenergic stimulation increases Ca2þ transients in cardio-
myocytes, demanding elevated ATP generation. This is matched by mitochon-
drial Ca2þ uptake stimulating Krebs cycle dehydrogenases to regenerate
